The large nuclear mitotic apparatus (NuMA) protein is an abundant component of interphase nuclei and an essential player in mitotic spindle assembly and maintenance. With its partner, cytoplasmic dynein, NuMA uses its cross-linking properties to tether microtubules to spindle poles. NuMA and its invertebrate homologs play a similar tethering role at the cell cortex, thereby mediating essential asymmetric divisions during development. Despite its maintenance as a nuclear component for decades after the final mitosis of many cell types (including neurons), an interphase role for NuMA remains to be established, although its structural properties implicate it as a component of a nuclear scaffold, perhaps as a central constituent of the proposed nuclear matrix.
Introduction
The NuMA (nuclear mitotic apparatus) protein is a high molecular weight (238 kDa) polypeptide, first identified almost 30 years ago and aptly named by Lydersen and Pettijohn for its localization pattern to both the interphase nucleus and the mitotic spindle poles [1] . It was first described to have an exclusively nuclear localization in interphase cells but to associate with the spindle poles during mitosis (Figure 1 ). In the early years, NuMA was independently discovered and rediscovered by 5 groups (and given multiple names -centrophilin, SPN, and SP-H), before cloning provided persuasive evidence that all represented the same NuMA polypeptide [2, 3] .
The NuMA molecule comprises globular head and tail domains separated by a 1500 amino-acid discontinuous coiled-coil domain [4] . The C-terminus contains a nuclear localization signal (NLS) [5] and a 100 amino-acid stretch that directly binds to and bundles microtubules [6, 7] . In addition, both globular domains contain several S/TPXX motifs, sequences found in gene-regulatory proteins and thought to bind DNA [8] (Figure 1 ). Depletion using short interfering RNA (siRNA) [9] and knockout strategies in mice [10] have implicated NuMA as an essential protein.
Taken together, these features make NuMA an excellent candidate for an important structural component both in the nucleus and at spindle poles ( Figure 1 ). We review here NuMA's role in tethering the bulk of spindle microtubules to the spindle poles and the direct role NuMA plays, along with LGN and Ga, in spindle positioning and asymmetric cell division, as well as a possible but still unresolved role as a nuclear scaffold.
NuMA: tethering spindle microtubules to their poles Once every cell cycle, the genome is segregated via the mitotic spindle, a dynamic structure that assembles at the onset of mitosis and disassembles at exit from mitosis. In its simplest form the mitotic spindle consists of two complex, proteinaceous poles, coincident with centrosomes, that nucleate the growth and assembly of microtubules. The events that initiate spindle assembly in many eukaryotic cells coincide with nuclear envelope breakdown and include not only centrosome-mediated nucleation of new mitotic microtubules, but also minus-end microtubule focusing and anchoring at spindle poles. Whereas the minus ends of spindle microtubules cluster together at the spindle poles, their plus ends grow towards the cell equator in search of capture by kinetochores. Immunoelectron microscopy revealed that NuMA resides in a region adjacent to the centrosome, but is not directly associated with it [11] [12] [13] . This finding hinted at what is now widely recognized: that NuMA plays central roles in spindle maintenance by physically tethering microtubules to centrosomes (centrosome-dependent) and by focusing spindle microtubules at the poles (centrosome-independent) (see below).
The significance of NuMA's distribution at the mitotic spindle poles was initially addressed by microinjection of NuMA inhibitory antibodies into mammalian cells at different mitotic stages [14] and by the expression of Nand C-terminal truncation mutants [15] . Both approaches resulted in aberrant spindles. Whereas a series of detailed studies initially concluded that NuMA could be required for completion of mitosis and post-mitotic nuclear reassembly [3, 16] , it is now recognized that all of these phenotypes simply reflect NuMA's essential role in tethering spindle microtubules to each pole [17] . This tethering function was initially characterized [17, 18] by NuMA immunodepletion from Xenopus extracts that can assemble bi-polar spindles and align chromosomes following addition of sperm nuclei, chromosome replication and mitotic entry.
Furthermore, depletion of NuMA from Xenopus extracts resulted in pole fragmentation and/or dissociation of the centrosome from already assembled spindles, followed by splaying of the remaining spindle microtubules [17, 19] . This defect was rescued (in part) by reconstitution with purified NuMA, indicating a direct role in spindle pole function [17] , and suggesting that at least a subset of spindle microtubules requires NuMA for proper affinity to the poles. NuMA antibody addition to preformed bi-polar spindles resulted in the remarkable finding that, despite retention of a bi-polar spindle, the centrosomes were dissociated and the polar microtubules were now splayed, rather than focused to a point [20] . With the discovery that DNA-coated beads stimulate microtubule assembly around them independent of centrosomes [21] , depletion was used to demonstrate once again that NuMA was essential for zippering those microtubules into a pair of focused poles [20] . Importantly, a recent report [10] extended these findings in a mammalian whole-cell system by construction and analysis of a conditional loss of mitotic function allele of NuMA in mice and cultured primary mouse cells. This study demonstrated that although NuMA functions redundantly with centrosomes in initial mitotic-spindle assembly, its tethering function is essential for spindle maintenance [10] .
A role for NuMA at the spindle poles reflects one, or both, of two mechanisms for forming stabilizing crossbridges between spindle pole microtubules. First, a putative structural 'spindle pole matrix' built by active dynein-mediated transport of NuMA to, and deposition at, poles is responsible for tethering microtubule minusends via the microtubule-binding sites on each NuMA molecule. In this model, dimeric or oligomeric NuMA complexes provide the tethering matrix. The other mechanism for dynamic focusing of microtubules at their minus ends is mediated by a NuMA-dynein complex (Table 1 and Box 1) that utilizes both NuMA and dynein microtubulebinding sites for transient association with microtubule tracks. Both mechanisms are likely to make meaningful contributions to pole stability.
The sum of these findings has established that most spindle microtubules are tethered to a putative spindle pole matrix and are not always directly attached to centrosomes. This counterintuitive point has not been widely appreciated, but was implicit in the earlier demonstrations using 3D-reconstruction of serially sectioned spindles: with each microtubule 25 nm in diameter, considerations of steric hindrance between microtubules revealed that only about a quarter of the microtubule minus-ends in a mammalian half-spindle can be directly embedded into the Dark blue, the coiled-coil domain; light blue, globular N-and C-termini; grey, nuclear localization signal (NLS), residues 1971-1991 (Ref. [7] ); green (MT), microtubule-binding domain, residues 1900-1971 (Ref. [7] ); brown line, LGN-binding sequence (1878-1910; Ref. [7] ); orange line, Rae1-binding domain, residues 325-829 (Ref. [38] ). S/TPXX, a DNA-binding motif found in gene regulatory proteins, occurs six times in the N-and seven times in the C-termini, respectively, of NuMA [8] . Asterisks, four p34 cdc2 phosphorylation sites (threonine, (500 nm) centrosome [22] . Taken together, the findings from cell-free and whole-cell systems suggest a model whereby NuMA, in complex with dynein and dynactinthe dynein activator/processivity complex (Box 1), provides an essential stabilizing structure for the microtubule-centrosome interaction at the spindle pole. In its absence, centrosomes lose their attachment to kinetochore fibers and spindle poles are unfocused.
NuMA phosphorylation/dephosphorylation at mitotic entry/exit Concomitant with nuclear envelope breakdown, NuMA is hyperphosphorylated by p34 cdc2 (Ref. [23] ) and relocalizes via a dynein-mediated mechanism [17] from the former nuclear volume to the spindle poles where it remains until anaphase [24] . NuMA's phosphorylation at four putative p34 cdc2 sites has been proposed to regulate its interaction with dynein and therefore its dynein-dependent spindle pole localization [23] [24] [25] [26] . Mutation of any of the four phosphorylated residues within this consensus sequence results in failure of NuMA to associate with the spindle poles and its subsequent targeting to the plasma membrane [23] . NuMA phosphorylation is thought to increase its solubility, and this could be necessary for relocation to poles [26] . A plausible model is that mitotically acquired solubility, coupled both with the microtubule-bundling activity conferred by NuMA's microtubule-binding domain [6] and its dimeric nature [27] , allow it to provide both structure and flexibility to the spindle pole ( Figure 2 ).
In normal mitosis NuMA remains associated with the spindle poles until anaphase, when silencing of the mitotic checkpoint (also known as the spindle assembly checkpoint) and ubiquitination of cyclin B and securin by the anaphase-promoting complex (APC) results in their proteasome-mediated degradation. Prior to mitotic exit Emi1 -an APC/C inhibitor -is sequestered at the spindle poles as part of a somewhat controversial complex with NuMA and dynein (named the END complex -for Emi, NuMA, dynein) [28, 29] . If this is correct (Figure 2 ), in addition to its structural role, NuMA could have a regulatory function in mitotic progression by sequestering mitotic checkpoint components (i.e. Emi1). Finally, Cdk1 inactivation from loss of cyclin B leads to dephosphorylation of NuMA, apparently disrupting its association with dynein [24] . Therefore, NuMA might act as part of a feedback loop that ensures its function as a dynein-associated tether during mitosis as well as its APC-dependent release from the complex at the end of mitosis.
NuMA linked to nuclear transport components in interphase and mitosis Several early experiments suggested that components of the nuclear transport machinery could be involved in mitotic spindle assembly and structure, and implicated NuMA in these processes. The monomeric GTP-binding protein, Ran, functions in protein and RNA transport into and out of the nucleus during interphase [30] . Importins bind the nuclear-localization sequences (NLS) of proteins to be imported into the nucleus and Ran-GTP mediates the dissociation of cargo from importins following import [31] . The GTP-exchange factor for Ran is RCC1, that is exclusively bound to chromatin throughout the cell cycle. During mitosis, RCC1 activity generates a Ran-GTP concentration gradient extending away from chromosomes that, at least in some contexts, plays a key role in microtubule polymerization and in mitotic spindle assembly [32, 33] . This gradient has been directly visualized by a clever fluorescence resonance energy transfer approach [34, 35] . A key insight was that analogous to their interphase intranuclear function, in mitosis importins would bind to and inactivate microtubule assembly factors with a NLS, except when directly adjacent to a chromosome where these interactions would be abrogated by high concentrations of Ran-GTP [31, 36, 37] . The liberated factors could now mediate centrosome-independent microtubule polymerization and spindle assembly. Several such microtubule-assembly factors have been identified, including TPX2, a microtubule-associated protein that targets the motor protein Xklp2 to microtubules [36] , and NuMA [31, 37] . Indeed, depletion, fractionation and complementation experiments in Xenopus egg extracts revealed a functional association between importin-a/b, NuMA and Ran [31, 37] (Table 1) . This finding provided a mechanism in early mitosis whereby importins, by binding to the NuMA NLS, can sequester NuMA to prevent its microtubule association except adjacent to chromosomes where the Ran-GTP concentration is highest.
Another component implicated in nuclear transport and with an additional mitotic role is Rae1, an mRNA export factor. Either depletion or over-expression of Rae 1 causes spindle multipolarity, and this can be rescued by overexpression or depletion of NuMA, respectively [38] . Whereas Rae1 was initially implicated as a component of nuclear export [39] , and subsequently as a Bub3-like contributor to the kinetochore-derived mitotic checkpoint [40] , it also binds both to microtubules and the N-terminal region of the NuMA coiled-coil domain. As with NuMA, Rae1 functions in the importin-b/Ran-GTP pathway [41] and could thus provide an added level of microtubule crosslinking so as to result in transient parallel crosslinked microtubule fibers (Figure 2 ) beginning in the vicinity of the chromosomes.
Spindle positioning and asymmetric cell division A recent insight for NuMA in spindle pole tethering is its role in asymmetric cell division that is relevant to the [23, 25] ). Mitotically phosphorylated NuMA associates with dynein (pink), that carries it in a minusend-directed fashion (pink arrow) and deposits it at spindle poles where it functions in spindle maintenance via microtubule tethering [20] . A NuMA dimer (dark blue, top) cross-links microtubules through interactions mediated by its C-terminal microtubule-binding domain and the associated dynein (pink) [6, 7] . Rae1, an mRNA transport protein (blue triangle), could also mediate binding of the NuMA N-termini to microtubules [38] , thus transiently generating a higher level of parallel microtubule bundling (bottom microtubules). (d) Emi1 (grey), an inhibitor of Cdc20-dependent activation of the anaphase-promoting complex (APC), has been proposed to exist in a complex with dynein and NuMA prior to anaphase [28] as a means of sequestering APCCdc20 (yellow) away from the general cytoplasm. (e) A possible mechanism for NuMA dissociation from microtubules: LGN (red) competes with microtubules for NuMA binding and acts as a negative regulator of NuMA bundling [7] . This competitive interaction could be responsible for the relocalization of a NuMA subset from the spindle pole to the cortex.
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determination of cell fate during development and to the specification of stem cell self-renewal versus differentiation. During asymmetric cell division, cleavage must occur such that protein components are distributed unequally to the two daughter cells. The main geometrical prerequisite for asymmetric cleavage-plane determination is the alignment of the mitotic spindle towards one pole of the polarity axis ( Figure 3 ). For this, an emerging realization is that NuMA functions not just at the spindle poles, but a subset of NuMA molecules is preferentially recruited to one part of the cell cortex where it mediates spindle anchoring. Preferential deposition of anchoring components (i.e. adherens junction proteins and Cdc42) at one end of the mother cell, followed by capture of astral microtubules from the closest spindle pole, yields asymmetric spindle positioning [42] . Evidence from the analysis of NuMA orthologs and their associated protein complexes (Table 1) in humans (NuMA/LGN/Ga) [43] , in the nematode C. elegans (LIN-5/GPR-1/2/Ga) [44] and in the fruitfly Drosophila melanogaster (Mud/Pins/Ga) [45] has revealed an evolutionarily conserved mechanism whereby polarized, LGN/Ga-dependent NuMA localization at the cell cortex, coupled to the dynein-mediated pulling of the spindle, results in asymmetric spindle orientation. Asymmetric positioning requires Par proteins (partitioning-defective) that dictate the polarized localization of receptor-independent trimeric G-proteins and their regulators (LGN/GPR-1,2/Pins) that in turn recruit cortical NuMA to the complex [46] (Figure 3) . Disruption of Ga and of either GPR-1/2 or Pins (Partner of Inscuteable) by protein depletion or inactivation results in alignment defects in C. elegans [47] and Drosophila [48, 49] , respectively, thus implicating Ga and its regulators as key components of the spindle-positioning pathway [50, 51] . Initial hints of NuMA involvement in asymmetric cell division came from studies of its Drosophila homolog, Mud (mushroom body defect): mud mutant flies display abnormal asymmetric neuroblast division due to failure to align the spindle with the polarity axis [52, 53] .
The human Ga regulator, LGN, named for its multiple Leu-Gly-Asn repeats, is a member of the LGN/Pins family (reviewed in Ref. [44] ) and a key regulator of mitotic spindle assembly [7, 54] and spindle movement [42] . In interphase cells LGN is cytoplasmic, whereas during mitosis it is found both at spindle poles and at the cell cortex [45] . Its spindle pole localization is mediated by an interaction with a domain in the C-terminus of NuMA that overlaps with the microtubule-binding motif. By virtue of competitive binding between microtubules and LGN for NuMA, LGN acts as a negative regulator of spindle assembly [7, 45] . This scenario is attractive because a balance between stabilizing (i.e. microtubule cross-linking) and destabilizing forces (i.e. competitive binding of LGN to the microtubule-binding site in NuMA) could be necessary for the dynamic nature of the mitotic spindle pole. In addition, LGN binding to spindle-pole-associated NuMA could be necessary to liberate a subset of NuMA molecules to allow them to fulfil their role at the cell cortex in spindle positioning. This interaction is likely to be dependent on phosphorylation because treatment of in vitro assembled asters with staurosporin, a global kinase inhibitor, prevents LGN binding to NuMA and its displacement from microtubules [54] . . External cues, an adherens junctions/Cdc42 complex (brown) and Par (light blue) determine mother cell polarity [86, 87] . The Par complex recruits the GDP-bound, myristoylated Ga subunit of the trimeric G protein, Gi, and this interaction is mediated by a poorly described protein complex [44] . Normally, LGN exists in the cytoplasm in a closed conformation (red, unbound). Dual binding of NuMA and Ga at its C-and N-termini, respectively, switches LGN to an open conformation (red, bound). These interactions ensure recruitment of NuMA to specific sites at the cell cortex [42] . Ric8 (resistance to inhibitors of cholinesterase 8) is a guanine nucleotide exchange factor (GEF) for Gai-GDP [88, 89] . Ric8-mediated release of Gai-GTP results in dissociation of the LGN/NuMA/Ga complex. 4 LGN's cortical enrichment has been attributed to its interaction with the plasma-membrane-anchored Ga subunit [42, 49] . LGN inhibits itself through interaction of its N-and C-termini in a hairpin-like structure, and this can be activated by binding of Ga and NuMA at its N-and Ctermini, respectively [42] . This dual interaction results in the LGN-mediated recruitment of NuMA to the plasma membrane. Taking this into consideration, a likely scenario is that specific alterations in NuMA phosphorylation at one or more sites provide a switch between symmetric and asymmetric division by regulating its LGNdependent relocalization from the spindle poles to the cell cortex in mitosis.
The mechanism whereby the spindle becomes anchored to the plasma membrane remained unclear until dynein was identified in C. elegans as the factor responsible for providing the cortical pulling force on astral microtubules [55, 56] . Depletion of either the dynein heavy or light chains resulted in spindle orientation defects and abnormal division in one-and two-cell stage embryos, similar to the defects caused by deletion/inactivation of Ga [50, 57] . Because NuMA and its C. elegans homolog LIN-5 are known to interact with dynein [17, 55, 56] and the G-protein regulators LGN and GPR1/2 [7, 42, 55] , respectively, a model soon emerged in which NuMA provided the link between the cortical polarity determinants and the force generator, dynein [55] (Figure 3) . According to this model, in C. elegans the membrane-anchored complex of LIN-5, GPR-1/2, and Ga pulls one spindle pole towards the cortex by a dynein-dependent mechanism and thereby asymmetrically positions the spindle [55] . Although not as wellestablished, similar complexes are believed to be at play in humans and Drosophila (reviewed in Ref. [44] ).
An analogous pathway functions in symmetric division to ensure spindle orientation and oscillatory movements. Whereas in multiple nonpolarized cell types the majority of NuMA functions at the spindle poles, a pool can be detected at the cortex in association with LGN [42] . The Ga/LGN/ NuMA/dynein complex effects spindle capture and positioning that, in the absence of external cues and Par-dependent polarization, is symmetric.
NuMA as a structural component of the nucleus
The extensive DNA content of the cell is organized into linear chromosomes (1 m initial length) that are packaged tightly into the nuclear space (typically 10 mm in diameter) as chromatin, along with large complexes of enzymes involved in DNA replication, repair and multiple levels of gene expression. Furthermore, nuclear subcompartments such as nucleoli, speckles and PML bodies have been equated to 'nuclear organelles' based on the defined set of proteins localized to these structures [58, 59] . A putative 'nuclear matrix' could be responsible for maintaining genomic order as well as the functional identity of these structures.
The idea of a ''nuclear matrix'', defined as an insoluble 3D-network of structural proteins that remains in the nucleus following removal of membrane and chromatin, was initially proposed by Berezney and Coffey [60] and then again by Nickerson and Penman [61, 62] , who suggested that it provides a structural framework for compartmentalization inside the nucleus, analogous to the cytoplasmic cytoskeleton.
It should be recognized that, despite its attractiveness, and even 35 years after the earliest reports, the molecular components of such a nuclear matrix have remained elusive. Maintained in most differentiated, post-mitotic nuclei (e.g. in motor neurons as illustrated in Figure 1 ), NuMA is perhaps the most attractive candidate for a structural constituent of a nuclear scaffold [2, 63, 64] . Although it is possible that NuMA's nuclear localization in cycling cells is merely a way of sequestering it away from cytoplasmic microtubules, an alternative scenario suggests that NuMA might play an important role in genome reorganization following each mitosis cycle in dividing cells. Furthermore, its maintenance in post-mitotic nuclei, years after the final division, suggests that it plays an active and non-mitotic role in differentiated cells. Other proposed nuclear structural components include nuclear lamins [65, 66] and membrane-associated lamin-interacting proteins [67] . Undoubtedly, the peripherally localized lamins have affinity for DNA, chromatin and histones [68] , and these interactions have been implicated in gene silencing by anchoring heterochromatin to the nuclear periphery [69] . However, these interactions seem insufficient to provide the high degree of internal nuclear localization.
Several lines of evidence suggest that NuMA could serve as a structural component of nuclei: (i) it contains a large coiled-coil domain strongly suggestive of assembly into filaments; (ii) it forms parallel coiled-coil dimers mediated by two C-termini, both in vivo and in vitro, that are approximately 200 nm in length as seen by electron microscopy [70] , as well as (iii) higher order multi-arm structures [70] ; (iv) endogenous NuMA is highly abundant, at an estimated 10 6 copies per nucleus [2, 71] , and occupies a majority of the nuclear volume; and (v) a relationship between nuclear shape and NuMA levels was proposed whereby NuMA is undetectable in non-spherical nuclei [64] . Most importantly, immunogold electron-microscopy has localized NuMA to a subset of nuclear core filaments in extracted, resinless sections [72] . Although far from being accepted as a component of the putative nuclear matrix, these features make NuMA an attractive candidate as an essential structural component of post-mitotic nuclei.
NuMA and genome organization
In the late 1800s the great German cytologist Theodore Boveri proposed a non-random chromosome arrangement inside the nucleus [73] and the existence of chromosome territories was confirmed in the 1970s (reviewed in Ref. [74] ). Following from these early ideas it has been proposed that the organization of DNA in the nucleus has cell-and tissue-specific determinants, and that differential organization contributes to tissue-specific gene expression [75] . Consistent with a role in genome organization, tightly regulated NuMA levels have been proposed to be essential for the creation of chromosome domains, either by organizing chromatin [76] , by interacting with specific DNA domains called matrix-attachment regions (MARs) [77, 8] , or simply by providing a substrate for intranuclear processes ( NuMA and GAS41 (glioma-amplified-sequence 41) (Ref. [78] ), a ubiquitous and essential transcription factor that is amplified in human gliomas [9] . GAS41 is a homolog of human myeloid/lymphoid or mixed-lineage leukemia AF9 (a transcription factor) and ENL (a chromatin-remodeling complex) and interacts with INI1 (integrase initiator 1, the human homolog of the yeast SNF5, a component of the chromatin-remodeling complex, SWI/SNF [79] ). Furthermore, MARs are 300-1000 bp DNA regions, 70% A+T rich, and have been described as sequences that 'fasten' chromatin to the nuclear matrix. They have been shown to reside near cis-regulatory elements and have transcription-enhancer activity [8] . The described in vitro interactions between MARs and the DNA binding S/TPXX motifs in the N-and C-termini of NuMA suggest possible NuMA affinity for genomic regulatory regions. A role for NuMA as a structural substrate for nuclear processes is proposed by the observation that increased expression of the full-length NuMA generates a filamentous scaffold that fills nuclei [70] , whereas overexpression of truncated NuMA leads to relocation of nucleoli, DNA and histone H1 to the nuclear rim [80] . These spatial rearrangements are likely to have consequences at multiple levels of gene expression.
Relevant to the link between nuclear structure and genome organization, two models have been proposed for genomic organization: (i) a deterministic model in which structure dictates function, and (ii) a self-organizing model whereby dynamic interactions among chromosomes, protein complexes and the nuclear periphery result in a specific genomic configuration as a consequence of the sum of all functions [81] . The non-random chromosome distribution within the nucleus is likely to be important to the prevention of physical interaction between chromosomes because close apposition between them could lead to genome instability due to fusions and translocations [82] . Conversely, distant DNA sequences have been shown to interact, by virtue of chromosome looping, to provide an added level of gene regulation [83] ; it is likely that their physical interaction is mediated by an underlying structural framework such as a nuclear matrix.
Furthermore, a framework such as the nuclear matrix could function to integrate mechanical as well as biochemical signals from the extracellular matrix to effect genomic order and gene activity [84] . Such complex signaling pathways are likely to have roles in development, differentiation, normal cell function, and normal aging and, if so, errors in these pathways are likely to contribute to disease. Indeed, even in unicellular eukaryotes (e.g. fission yeast) a set of nuclear membrane proteins apparently interacts with centromeric chromatin and a nuclear scaffold to integrate cytoplasmic forces imposed on the nuclear envelope [85] . In the absence of these interactions, nuclear deformation is prominent and could lead to displacement and subsequent deregulation of intranuclear events. Similar mechanisms are highly likely to be at play in higher eukaryotes and could be required to maintain subnuclear order. It is conceivable that a structure such as the NuMA-positive nuclear core filaments [72] could provide the strength required to withstand disruptive forces.
It seems likely that an underlying, NuMA-based scaffold could support the dynamic organization of the genome, while at the same time providing structure to the postmitotic nucleus over the long term. An experimental test for such roles for NuMA in intranuclear structure has not been reported -and is long overdue.
